Introduction {#S0001}
============

Hepatocellular carcinoma (HCC) is the most prevalent cancer type of all liver cancer types.[@CIT0001] Due to the aggressive nature of HCC, the prognosis of patients with HCC is dismal, with the average overall survival of only approximately 10 months.[@CIT0002] It is pivotal to reveal the signaling network and provide novel targets for the diagnosis and treatment of patients with HCC.

Long non-coding RNAs (lncRNAs) are endogenous single-stranded RNA molecules with more than 200 nucleotides in length.[@CIT0003] LncRNAs can interact with RNA, protein and DNA in cells and participate in various biological processes.[@CIT0004] According to competing for endogenous RNA (ceRNA) hypothesis, lncRNAs may sponge microRNAs (miRNAs) to prevent miRNAs from binding to their target genes, thereby upregulating gene expression.[@CIT0005] Recent studies have suggested that several lncRNAs control the expression of key genes and the activity of key signaling pathways in HCC via the ceRNA mechanism.[@CIT0006]--[@CIT0008] For example, LncRNA-LINC00346 promotes HCC development via sponging miR-542-3p, consequently activating the Wnt signaling in HCC cells.[@CIT0008] Mesenchymal stem cells facilitate epithelial--mesenchymal transition of HCC cells via a lncRNA-MUF/miR-34a/Snail1 axis.[@CIT0009] LncRNA-SNHG14 exhibits distinct functions in different cancer types.[@CIT0010],[@CIT0011] Most recently, Pu et al have reported the upregulation of SNHG14 in HCC, which promotes HCC progression via regulating miR-4673/SOCS1.[@CIT0012]

The dysregulation of miRNAs is implicated in the initiation and progression of HCC.[@CIT0013] By targeting 3ʹUTR of target mRNAs, altered expression of miRNAs leads to the upregulation of oncogenes and downregulation of tumor suppressors in HCC cells.[@CIT0014],[@CIT0015] In recent years, numerous differentially expressed miRNAs have been identified in HCC tissues compared with normal tissues.[@CIT0016] Several miRNAs are confirmed as tumor-associated miRNAs via experimental validation.[@CIT0017],[@CIT0018] For instance, miR-217 is a well-characterized tumor-suppressive miRNA in HCC. Su et al firstly demonstrate that miR-217 is downregulated in metastatic HCC tissues and cells, in addition, they discover a miR-217/E2F3 axis in HCC cells.[@CIT0019] miR-217 expression is negatively correlated with metadherin (MTDH) and represses MTDH expression via direct binding to MTDH mRNA in HCC cells, thereby reducing cell proliferation, metastasis and inducing cell apoptosis.[@CIT0020] MiR-217 also suppresses cell proliferation and metastasis via targeting MAPK1.[@CIT0021] Analysis of miR-217 expression in HCC specimens suggests that decreased expression of miR-217 is associated with vascular invasion, advanced TNM stage and shorter overall survival.[@CIT0022] The downregulation of miR-217 in HCC is reported as a result of increased CRNDE and HOTAIR expression in HCC cells.[@CIT0021],[@CIT0023]

In the present study, we aimed to further investigate the molecular mechanisms and biological functions of SNHG14 in HCC. We analyzed the expression of SNHG14 in HCC tissues and cells. Loss of function assays were performed to study the role of SNHG14 during HCC proliferation and survival. Bioinformatic analysis, dual-luciferase reporter assay, Western blotting and RT-qPCR were carried out to investigate the SNHG14/miR-217 interaction in HCC cells.

Materials and Methods {#S0002}
=====================

Collection of Tissue Samples {#S0002-S2001}
----------------------------

From June 2012 to September 2017, 55 pairs of HCC tissues and matched normal tissues were collected from patients with HCC in The Affiliated Suzhou Hospital of Nanjing Medical University. The study was performed in accordance with the Declaration of Helsinki. The protocol of experiments was approved by the Ethical Committee of The Affiliated Suzhou Hospital of Nanjing Medical University. Written informed consents were collected from all participants of the current study. All patients received no chemotherapy or radiotherapy before surgery. TNM staging was performed in accordance with the 2009 seventh edition of the UICC (Union for International Cancer Control). The samples were snap-freeze in liquid nitrogen then stored in −80°C refrigerator.

Cell Culture and Transfection {#S0002-S2002}
-----------------------------

Transformed Human Liver Epithelial cell line (THLE-2) and the human hepatocellular carcinoma cell line (Huh-7, Hep3B) were bought from ATCC (Rockville, MD). Cells were maintained in Dulbecco's Modified Eagle's Medium (DMEM, Invitrogen; Thermo Fisher Scientific) supplemented with 10% FBS (Gibco; Thermo Fisher Scientific). The cells were cultured at 37°C in a moist atmosphere with 5% CO~2~.

si-NC (Negative Control), si-SNHG14-1, si-SNHG14-2, miR-217-5p mimic, miR-NC mimic, miR-217-5p inhibitor and miR-NC inhibitor were synthesized by GenePharma (Suzhou, China). For silencing of SNHG14, si-NC or si-SNHG14-1 or si-SNHG14-2 were transfected into indicated cells with Lipofectamine RNAiMax (Invitrogen; Thermo Fisher Scientific) following manufacturer's protocol. MiR-217 mimic, miR-NC mimic, miR-217 inhibitor or miR-NC inhibitor were transfected into cells with Lipofectamine 3000 (Invitrogen; Thermo Fisher Scientific). At 48 hours after transfection, cells were subjected to RNA extraction and RT-qPCR to validate transfection efficiency. The sequence: si-NC:5ʹ-CCAUGAGGUCAUGGUCUG-3ʹ; si-SNHG14-1:5ʹ-GAGAUGGAUCAACAGUAU-3ʹ; si-SNHG14-2:5ʹ-GCUACAAUCACUAUGAAUC-3ʹ; miR-217 mimic:5ʹ-UACUGCAUCAGGAACUGAUUGGA-3ʹ; miR-NC-mimic:5ʹ-UUGUCCGAACGUGUCACGU-3ʹ; miR-217 inhibitor:5ʹ-UCCAAUCAGUUCCUGAUGCAGUA-3ʹ; miR-NC inhibitor:5ʹ- CAGCUGGUUGAAGGGGACCAAA-3ʹ.

Reverse Transcription‐Quantitative Polymerase Chain Reaction (RT-qPCR) {#S0002-S2003}
----------------------------------------------------------------------

RNA was extracted from cells and tissues by TRIzol reagent (Invitrogen; Thermo Fisher Scientific). RNA was reverse transcribed into cDNA with the RevertAid Reverse Transcriptase kit (Thermo Fisher Scientific). RT-qPCR was carried out with a PrimerScript one-step RT-PCR kit (TaKaRa, Tokyo, Japan). The relative gene expressions were calculated by the 2^−ΔΔCt^ method[@CIT0024] with GAPDH and U6 snRNA serving as internal controls for mRNA and miRNA, respectively. Primer sequences: SNHG14-Forward: 5ʹ‐CAGGCTGAACTGAGGCAGGCAT‐3ʹ; SNHG14-Reverse: 5ʹ-ACATCTCATTCTATAGTCAATGT‐3ʹ; MTDH-Forward: 5ʹ‐AAATGGGCGGACTGTTGAAGT‐3ʹ; MTDH-Reverse: 5ʹ‐CTGTTTTGCACTGCTTTAGCAT‐3ʹ; KLF5-Forward: 5ʹ‐ CCTGGTCCAGACAAGATGTGA‐3ʹ; KLF5-Reverse: 5ʹ‐ GAACTGGTCTACGACTGAGGC‐3ʹ; E2F3-Forward: 5ʹ‐AGAAAGCGGTCATCAGTACCT‐3ʹ; E2F3-Reverse: 5ʹ‐TGGACTTCGTAGTGCAGCTCT‐3ʹ; IGF1R-Forward: 5ʹ‐ TCGACATCCGCAACGACTATC‐3ʹ; IGF1R-Reverse: 5ʹ‐ CCAGGGCGTAGTTGTAGAAGAG‐3ʹ; GAPDH-Forward: 5ʹ‐GAAGGTGAAGGTCGGAGTC‐3ʹ; GAPDH-Reverse: 5ʹ‐GAAGATGGTGATGGGATTTC‐3ʹ; Stem-loop primer:5ʹ-CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGTCCAAT-3ʹ; miR-217-Forward:5ʹ-TCGGCAGGTACTGCATCAGGAA-3ʹ; miR-217-Reverse:5ʹ-CTCAACTGGTGTCGTGGA-3ʹ.

Western Blotting {#S0002-S2004}
----------------

ERK1/2 (4695, 1:2000), p-ERK1/2 (4370, 1:2000) and MTDH (14065, 1:2000) antibodies were purchased from Cell Signaling Technology (Carlsbad, CA). E2F3 (ab50917, 1:2000), KLF5 (ab137676, 1:2000) and GAPDH (ab8245, 1:10,000) antibodies were bought from Abcam (Cambridge, UK). HRP-conjugated secondary antibodies against rabbit (ab6721, 1:10,000) and mouse (ab205719, 1:10,000) were obtained from Abcam. Proteins were extracted from cells by RIPA lysis buffer (Thermo Fisher Scientific). Protein concentration was determined by a BCA Protein Assay kit (Thermo Fisher Scientific). A 25 μg proteins were loaded in 8% SDS-PAGE gels, transferred to PVDF membranes and blocked in 5% non-fat milk at room temperature for 1 hour. The membrane was incubated by primary antibodies and secondary antibodies at room temperature for 2 hours sequentially. The blots were developed with an ECL Western Blotting Substrate Kit (Pierce; Thermo Fisher Scientific). The intensity of bands was measured with Image J software 1.6.0 (National Institute of Science).

Dual-Luciferase Reporter Assay {#S0002-S2005}
------------------------------

Sequence of SNHG14 containing putative binding site (from 4000 bp to 5000 bp) for miR-217 was synthesized by GenePharma and ligated into pmirGLO plasmid (Promega, Hercules, CA). Two-point mutations were introduced to pmirGLO-SNHG14-WT to construct pmirGLO-SNHG14-Mut. Cells were transfected with SNHG14-WT or SNHG14-Mut in combination with miR-NC mimic or miR-217 mimic. At 48 hours after transfection, cells were harvested and the firefly luciferase and Renilla luciferase activities were determined with a Dual-Luciferase Reporter Assay System (Promega). Firefly luciferase was normalized to Renilla luciferase in each group.

Bioinformatic Analysis {#S0002-S2006}
----------------------

The interaction between miRNAs and lncRNA-SNHG14 was predicted by the miRDB database ([<http://mirdb.org/>]{.ul}). The association between SNHG14 levels and IGF1R, E2F3, KLF5, and MTDH expression was analyzed by transcriptome data of The Cancer Genome Atlas-Liver Hepatocellular Carcinoma (TCGA-LIHC) on the GEPIA ([<http://gepia.cancer-pku.cn/index.html>]{.ul}). GEPIA was also used to explore the expression pattern of SNHG14 in hepatocellular carcinoma. Briefly, expression profile was constructed by selecting comparison of TCGA-LIHC (The Cancer Genome Atlas-Liver hepatocellular carcinoma) data (n=369) and TCGA normal data (n=50).

Flow Cytometry Analysis of Apoptosis {#S0002-S2007}
------------------------------------

The percentage of apoptotic cells was detected with an Annexin V-FITC/PI Apoptosis Detection Kit (Invitrogen). In a brief, cells were harvested, suspended in Annexin binding buffer (from kit) and incubated with PI and Annexin V for 30 mins at room temperature. The cells were subjected to flow cytometry analysis. PI+/Annexin V+ cells were considered as later apoptotic cells, PI-/Annexin V+ cells were early apoptotic cells and PI-/Annexin V cells were viable cells.

Determination of Cell Proliferative Ability {#S0002-S2008}
-------------------------------------------

The transfected cells were plated in each well of 96-well plates and incubated for 0, 24, 48, and 72 h, respectively. In each time point, 10 μL CCK-8 solution was added into indicated well and cultured for 2 hours at 37°C. The medium was transferred to wells in a new 96-well plate. The absorbance at 450 nM was detected to manifest cell proliferative ability.

Statistical Analysis {#S0002-S2009}
--------------------

All data were analyzed by Graphpad Prism 5.0 and presented as mean±SD. Groups were compared with Student's *t* test or one-way ANOVA followed by Tukey's test. The association between clinicopathological parameters and SNHG14 expression was analyzed by Chi-square test. All experiments were repeated three times. P value of less than 0.05 was considered as statistically significant.

Results {#S0003}
=======

SNHG14 Expression Was Increased in HCC Tissues {#S0003-S2001}
----------------------------------------------

To study the potential role of lncRNA-SNHG14 in HCC, we analyzed SNHG14 expression in 369 HCC tissues and 50 normal liver tissues via bioinformatic analysis of TCGA-LIHC and TCGA normal liver tissues data using GEPIA software. The level of SNHG14 was higher in HCC tissues compared with normal liver tissues ([Figure 1A](#F0001){ref-type="fig"}). For validation, we collected 55 pairs of HCC tissues and matched normal tissues from patients and detected SNHG14 expression by RT-qPCR. Consistently, there was a significant elevation of SNHG14 expression in HCC tissues than normal tissues ([Figure 1B](#F0001){ref-type="fig"}). Furthermore, higher expression of SNHG14 was associated with later stage HCC (Stage III--IV) ([Figure 1C](#F0001){ref-type="fig"}). The expression of SNHG14 was not associated with tumor size, gender, age, AFP concentration, HBsAg status of HCC patients ([Table 1](#T0001){ref-type="table"}). Furthermore, we detected SNHG14 expression in a panel of cell lines including HCC cell lines (Huh-7, Hep3B) and normal liver epithelial cell line THLE-2. It was observed that SNHG14 was significantly upregulated in Huh-7 and Hep3B in comparison with THLE-2 ([Figure 1D](#F0001){ref-type="fig"}).Table 1The Association Between SNHG14 Expression and Clinicopathological Parameters in 55 Patients with Hepatocellular CarcinomaClinicopathological ParametersRelative Expression of SNHG14P valueHigh (n=28)Low (n=27)Gender0.593 Male1613 Female1214Age (years)0.588 ≥501815 \<501012Tumor size (cm)0.789 ≥51415 \<51412HBsAg0.785 Positive1816 Negative1011AFP (ng/mL)0.591 ≥4001714 \<4001113[^2] Figure 1SNHG14 was overexpressed in hepatocellular carcinoma (**A**) using GEPIA software, the expression of SNHG14 in 369 hepatocellular carcinoma tissues and 50 normal liver tissues were analyzed based on TCGA (The Cancer Genome Atlas) data. (**B**) RT-qPCR (quantitative real-time polymerase chain reaction) was applied to detect SNHG14 expression in 55 pairs of hepatocellular carcinoma tissues and matched normal tissues from patients. (**C**) Expression of SNHG14 was higher in later stage hepatocellular carcinoma tissues (Stage III--IV, n=34) compared with early-stage hepatocellular carcinoma tissues (Stage I--II, n=21). (**D**) Expression of SNHG14 was higher in hepatocellular carcinoma cell lines (Huh-7, Hep3B) compared with normal liver epithelial cell line THLE-2. \*\*\*p\<0.001.**Abbreviations:** GEPIA, gene expression profiling interactive analysis; SNHG14, small nucleolar RNA host gene 14.

Knockdown of SNHG14 Suppressed HCC Cell Proliferation and Induced Cell Apoptosis {#S0003-S2002}
--------------------------------------------------------------------------------

To determine the biological role of SNHG14 in HCC, siRNAs targeting SNHG14 was transfected into two HCC cell lines, Huh-7 and Hep3B. Transfection of two independent siRNAs of SNHG14 decreased SNHG14 expression in these two cell lines with the knockdown efficiency of around 85% and 50%, respectively ([Figure 2A](#F0002){ref-type="fig"} and [B](#F0002){ref-type="fig"}). Due to the relatively higher efficiency of si-SNHG14-1 than si-SNHG14-2, we chose it for further study. Knockdown of SNHG14 induced a significant elevation of apoptotic cells in Huh-7 (10% vs 30%) and Hep3B (0.5% vs 40%) cells ([Figure 2C](#F0002){ref-type="fig"} and [D](#F0002){ref-type="fig"}). Additionally, knockdown of SNHG14 caused a significant decrease in cell proliferation in Huh-7 and Hep3B cells, as measured by CCK-8 assay ([Figure 2E](#F0002){ref-type="fig"} and [F](#F0002){ref-type="fig"}). These data demonstrated that SNHG14 was pivotal for cell proliferation and resistance to apoptosis in HCC cells.Figure 2Knockdown of SNHG14 repressed cell proliferation and induced cell apoptosis in hepatocellular carcinoma cells. (**A**) In Huh-7 cells, transfection of siSNHG14-1 or siSNHG14-2 decreased SNHG14 expression. (**B**) In Hep3B cells, transfection of siSNHG14-1 or siSNHG14-2 decreased SNHG14 expression. (**C**) In Huh-7 cells, flow cytometry analysis showed that knockdown of SNHG14 induced cell apoptosis. (**D**) In Hep3B cells, flow cytometry analysis showed that knockdown of SNHG14 induced cell apoptosis. (**E**) In Huh-7 cells, CCK-8 (Cell Counting kit-8) analysis showed that knockdown of SNHG14 repressed cell proliferation. (**F**) In Hep3B cells, CCK-8 analysis showed that knockdown of SNHG14 repressed cell proliferation. \*\*\*p\<0.001.**Abbreviations:** PI, propidium iodide; NC, negative control; Annexin V-FITC, Annexin A5-fluorescein isothiocyanate; si, small interference; SNHG14, small nucleolar RNA host gene 14.

SNHG14 Repressed miR-217-5p Expression via Directly Sponging miR-217-5p in HCC Cells {#S0003-S2003}
------------------------------------------------------------------------------------

For further investigations on molecular mechanisms, miRDB software was used to predict the potential targets of SNHG14. Through bioinformatic analysis and literature review, we noticed that there was a putative binding site for miR-217, a known tumor suppressor, on the sequence of SNHG14 ([Figure 3A](#F0003){ref-type="fig"}). Thereafter, we detected miR-217 expression in 55 pairs of HCC tissues and matched normal tissues. Pearson correlation analysis suggested that there was a negative correlation between miR-217 and SNHG14 levels in 55 HCC tissues (r=−0.4369, p\<0.001) ([Figure 3B](#F0003){ref-type="fig"}). Knockdown of SNHG14 increased miR-217 level in Huh-7 and Hep3B cells ([Figure 3C](#F0003){ref-type="fig"} and [D](#F0003){ref-type="fig"}). To examine the effect of miR-217 on SNHG14 expression, miR-217 mimic or miR-217 inhibitor was transfected into HCC cells to manipulate miR-217 expression. MiR-217 mimic increased miR-217 expression while miR-217 inhibitor decreased miR-217 expression in Huh-7 and Hep3B cells ([Figure 3E](#F0003){ref-type="fig"} and [F](#F0003){ref-type="fig"}). Overexpression of miR-217 decreased SNHG14 expression while miR-217 inhibition increased SNHG14 expression in Huh-7 and Hep3B cells ([Figure 3G](#F0003){ref-type="fig"} and [H](#F0003){ref-type="fig"}).Figure 3SNHG14 sponged miR-217 in hepatocellular carcinoma cells. (**A**) Schematic representation of predicted binding sites for miR-217 on lncRNA SNHG14. (**B**) Pearson correlation analysis indicated that there was a negative correlation between SNHG14 and miR-217 expression in 55 hepatocellular carcinoma tissues. (**C**) Silencing of SNHG14 increased miR-217 expression in Huh-7 cells. (**D**) Silencing of SNHG14 increased miR-217 expression in Hep3B cells. (**E**) Transfection of miR-217 mimic increased miR-217 expression and miR-217 inhibitor decreased miR-217 expression in Huh-7 cells. (**F**) Transfection of miR-217 mimic increased miR-217 expression and miR-217 inhibitor decreased miR-217 expression in Hep3B cells. (**G**) Transfection of miR-217 mimic decreased SNHG14 expression and miR-217 inhibitor increased SNHG14 expression in Huh-7 cells. (**H**) Transfection of miR-217 mimic decreased SNHG14 expression and miR-217 inhibitor increased SNHG14 expression in Hep3B cells. (**I**) Construction of SNHG14 luciferase reporter plasmid containing either wild-type (WT) miR-217 binding site or mutant (Mut) miR-217 binding site. (**J**) In the dual-luciferase reporter assay, miR-217 mimic repressed luciferase activity of SNHG14-WT whereas miR-217 inhibitor increased luciferase activity in Huh-7 cells. (**K**) In the dual-luciferase reporter assay, miR-217 mimic repressed luciferase activity of SNHG14-WT whereas miR-217 inhibitor increased luciferase activity in Hep3B cells. \*\*p\<0.01; \*\*\*p\<0.001.**Abbreviations:** NC, negative control; si, small interference; SNHG14, small nucleolar RNA host gene 14.

We next constructed SNHG14 luciferase plasmid with SNHG14-WT or SNHG14-Mut to further verify the relationship between SNHG14 and miR-217 in HCC ([Figure 3I](#F0003){ref-type="fig"}). Dual-luciferase reporter assay data showed that miR-217 overexpression decreased luciferase activity of SNHG14-WT, and miR-217 inhibition increased luciferase activity of SNHG14-WT, whereas the luciferase activity of SNHG14-Mut was not affected by miR-217 mimic or miR-217 inhibitor in Huh-7 cells ([Figure 3J](#F0003){ref-type="fig"}). Similar results were observed in Hep3B cells ([Figure 3K](#F0003){ref-type="fig"}). The data indicated that SNHG14 sponged miR-217 in HCC cells.

SNHG14 Upregulated Multiple Oncogenes in HCC Cells via Sponging miR-217 {#S0003-S2004}
-----------------------------------------------------------------------

As a tumor-suppressive miRNA, miR-217 targeted several oncogenes in HCC cells to repress cell proliferation and induce cell apoptosis.[@CIT0019],[@CIT0020],[@CIT0025],[@CIT0026] Via bioinformatic analysis of transcriptome data of TCGA-LIHC, it was found that SNHG14 expression was positively correlated with the reported miR-217 target genes in HCC, including IGF1R, E2F3, KLF5 and MTDH in 369 HCC tissues ([Figure 4A](#F0004){ref-type="fig"}). We performed RT-qPCR to detect the expression of miR-217 target genes following SNHG14 knockdown with or without miR-217 inhibition in HCC cells. SNHG14 knockdown reduced IGF1R, E2F3, KLF5 and MTDH mRNA expression in Huh-7 cells which was reversed upon miR-217 inhibition ([Figure 4B](#F0004){ref-type="fig"}). Similarly, mRNA levels of miR-217 target genes were downregulated after SNHG14 silencing which was reversed upon miR-217 inhibition in Hep3B cells ([Figure 4C](#F0004){ref-type="fig"}). More importantly, in our collected tumor samples, it was observed that SNHG14 expression was positively correlated with mRNA levels of IGF1R, E2F3, KLF5 and MTDH ([Figure 4D](#F0004){ref-type="fig"}), indicating their association was clinically relevant.Figure 4SNHG14 expression promoted miR-217 target genes mRNA expression in hepatocellular carcinoma cells. (**A**) Bioinformatic analysis of transcriptome data of TCGA-LIHC (The Cancer Genome Atlas-Liver Hepatocellular Carcinoma) (n=369) showed that SNHG14 expression was positively correlated with mRNA levels of miR-217 target genes (IGF1R, E2F3, KLF5, MTDH). (**B**) RT-qPCR (quantitative real-time polymerase chain reaction) showed that knockdown of SNHG14 decreased IGF1R, E2F3, KLF5 and MTDH mRNA levels in Huh-7 cells. (**C**) RT-qPCR showed that knockdown of SNHG14 decreased IGF1R, E2F3, KLF5 and MTDH mRNA levels in Hep3B cells. (**D**) RT-qPCR was performed to detect IGF1R, E2F3, KLF5 and MTDH mRNA levels in collected tumors. Pearson correlation analysis was carried out to examine the association between SNHG14 expression and mRNA levels of IGF1R, E2F3, KLF5 and MTDH. \*\*p\<0.01; \*\*\*p\<0.001.**Abbreviations:** IGF1R, insulin-like growth factor1 receptor; E2F3, E2F transcription factor 3; KLF5, Krüppel-like factor 5; MTDH, metadherin; TPM, transcript per million; si, small interference; SNHG14, small nucleolar RNA host gene 14.

We also detected protein levels of these genes in HCC cells. In consistent with RT-qPCR data, SNHG14 knockdown decreased KLF5, E2F3 and MTDH protein expression in Huh7 cells and miR-217 inhibitor abrogated the downregulation of CHEK1, E2F3 and MTDH protein expression led by SNHG14 silencing ([Figure 5A](#F0005){ref-type="fig"}). Similar results were observed in Hep3B cells ([Figure 5B](#F0005){ref-type="fig"}). As acknowledged, MTDH facilitated HCC progression via activating MAPK/ERK signaling.[@CIT0027] Western blotting showed that SNHG14 knockdown reduced the ratio of phosphorylated ERK1/2 (p-ERK1/2) to total ERK1/2 (t-ERK1/2) in Huh-7 cells ([Figure 5C](#F0005){ref-type="fig"}), indicating SNHG14 positively regulated MAPK/ERK signaling. The results were also observed in Hep3B cells ([Figure 5D](#F0005){ref-type="fig"}). Collectively, the data suggested that SNHG14 promoted the expression of several key oncogenes via sponging miR-217 in HCC cells.Figure 5SNHG14 promoted miR-217 target gene protein expression to activate ERK signaling in hepatocellular carcinoma cells. (**A**) Western blotting showed that SNHG14 knockdown decreased E2F3, KLF5 and MTDH protein expression which was reversed upon miR-217 inhibition in Huh-7 cells. (**B**) Western blotting showed that SNHG14 knockdown decreased E2F3, KLF5 and MTDH protein expression which was reversed upon miR-217 inhibition in Hep3B cells. (**C**) Western blotting showed that SNHG14 knockdown decreased ratio of p-ERK1/2 to t-ERK1/2 which was reversed upon miR-217 inhibition in Huh-7 cells. (**D**) Western blotting showed that SNHG14 knockdown decreased ratio of p-ERK1/2 to t-ERK1/2 which was reversed upon miR-217 inhibition in Hep3B cells. \*\*p\<0.01; \*\*\*p\<0.001.**Abbreviations:** GAPDH, glyceraldehyde-3-phosphate dehydrogenase; E2F3, E2F transcription factor 3; KLF5, Krüppel-like factor 5; MTDH, metadherin; p-ERK1/2, phosphorylated-extracellular regulated protein kinase 1/2; t-ERK1/2, total-extracellular regulated protein kinase 1/2; si, small interference; SNHG14, small nucleolar RNA host gene 14.

The Effect of SNHG14 Knockdown on HCC Cells Was Attenuated by miR-217 Inhibition {#S0003-S2005}
--------------------------------------------------------------------------------

We next studied whether SNHG14 regulated HCC cell proliferation and apoptosis via sponging miR-217. In Huh-7 cells, inhibition of miR-217 attenuated an increased percentage of apoptotic cells induced by SNHG14 silencing ([Figure 6A](#F0006){ref-type="fig"}). Similar results were observed in Hep3B cells ([Figure 6B](#F0006){ref-type="fig"}). In the CCK-8 assay, it was found that miR-217 inhibitor could reverse the inhibition of cell proliferation induced by SNHG14 silencing in both Huh-7 and Hep3B cells ([Figure 6C](#F0006){ref-type="fig"} and [D](#F0006){ref-type="fig"}). The results suggested that SNHG14 controlled HCC progression via sponging miR-217.Figure 6SNHG14 regulated cell proliferation and cell apoptosis via sponging miR-217. (**A**) Flow cytometry analysis showed that SNHG14 knockdown increased the percentage of apoptotic cells which was reversed upon miR-217 inhibition in Huh-7 cells. (**B**) Flow cytometry analysis showed that SNHG14 knockdown increased the percentage of apoptotic cells which was reversed upon miR-217 inhibition in Hep3B cells. (**C**) In the CCK-8 (Cell Counting kit-8) assay, SNHG14 knockdown inhibited cell proliferation which was reversed upon miR-217 inhibition in Huh-7 cells. (**D**) In the CCK-8 assay, SNHG14 knockdown inhibited cell proliferation which was reversed upon miR-217 inhibition in Hep3B cells. \*\*p\<0.01, vs Control; \*\*\*p\<0.001, vs Control; ^\#\#^p\<0.01, vs siSNHG14-1 group; ^\#\#\#^p\<0.001, vs siSNHG14-1 group.**Abbreviations:** PI, propidium iodide; Annexin V-FITC, Annexin A5-fluorescein isothiocyanate; si, small interference; SNHG14, small nucleolar RNA host gene 14.

Discussion {#S0004}
==========

SNHG14 is an oncogenic lncRNA in several cancer types via sponging tumor-suppressive miRNAs.[@CIT0028]--[@CIT0030] For example, SNHG14 promoted cell migration, invasion, proliferation and resistance to cell apoptosis in gastric cancer via sponging miR-145 and upregulation of SOX9.[@CIT0029] Most recently, Pu et al reported the aberrant expression of SNHG14 in HCC through bioinformatics analysis and found that SNHG14 promoted cell proliferation and inhibited cell apoptosis in Huh-7 cells partially via sponging miR-4673 and upregulation of SOCS1.[@CIT0012] In the present study, we confirmed the upregulation of SNHG14 in collected HCC specimens. Our data additionally suggested that SNHG14 expression was associated with HCC stage. Similar to the pro-proliferation and anti-apoptosis function of SNHG14 in gastric cancer and non-small cell lung cancer,[@CIT0010],[@CIT0029] we found that SNHG14 also promoted cell proliferation and resistance to apoptosis in HCC. The data demonstrated an oncogenic potential of SNHG14 in HCC.

Low expression of miR-217 was associated with vascular invasion, advanced TNM stage and poor prognosis in patients with HCC.[@CIT0022] miR-217 was then discovered as a decreased miRNA in HCC cells with strong invasive potential.[@CIT0019] The study found that miR-217 inhibited cell migration and invasion in HCC cells via targeting transcription factor E2F3.[@CIT0019] Despite its involvement in metastasis, miR-217 also suppressed cell proliferation and promoted cell apoptosis via targeting MTDH in HCC cells.[@CIT0020] miR-217 was also a downregulated miRNA in ovarian cancer and triple-negative breast cancer, and miR-217 directly targeted IGF1R and KLF5 to inhibit cancer cell proliferation.[@CIT0025],[@CIT0026] Previous studies suggested that miR-217 was sponged by several lncRNAs in cancer cells, including HOTAIR, MALAT1 and CRNDE.[@CIT0021],[@CIT0031],[@CIT0032] We found that miR-217 was directly sponged by SNHG14 in HCC cells and miR-217 expression was negatively correlated with SNHG14 in HCC tissues. Furthermore, SNHG14 expression was positively correlated with E2F3, IGF1R, MTDH and KLF5 levels in TCGA-LIHC data. RT-qPCR and Western blotting verified that SNHG14 regulated these oncogenes via sponging miR-217. IGF1R and MTDH were two well-known drivers of carcinogenesis in liver via activating MAPK/ERK signaling.[@CIT0027],[@CIT0033] We observed that the activity of MAPK/ERK signaling is controlled by SNHG14/miR-217 in HCC cells, indicating a pivotal role of SNHG14/miR-217 during HCC progression. Most importantly, inhibition of miR-217 could reverse the biological function of SNHG14 silencing in HCC cells. These data suggested a SNHG14/miR-217 axis in mediating HCC cell proliferation and resistance to cell apoptosis.

Conclusion {#S0005}
==========

In conclusion, we demonstrated that SNHG14 was an upregulated lncRNA in HCC. SNHG14 facilitated cell proliferation and survival of HCC cells via sponging miR-217 and upregulation of several key oncogenes (IGF1R, KLF5, E2F3, MTDH) ([Figure 7](#F0007){ref-type="fig"}). The results manifested that SNHG14 was a potential biomarker for patients with HCC.Figure 7The function model of the underlying mechanism of lncRNA SNHG14 in hepatocellular carcinoma. LncRNA SNHG14 acted as a ceRNA to sponge miR-217 and upregulate MTDH, KLF5, IGF1R, E2F3, thus activating MAPK/ERK signaling, facilitating cell proliferation and resistance to cell apoptosis in hepatocellular carcinoma cells.**Abbreviations:** IGF1R, insulin-like growth factor1 receptor; E2F3, E2F transcription factor 3; KLF5, Krüppel-like factor 5; MTDH, metadherin; ORF, open reading frame; p-ERK1/2, phosphorylated-extracellular regulated protein kinase; ceRNA, competing endogenous RNA; MAPK, mitogen-activated protein kinase; SNHG14, small nucleolar RNA host gene 14.
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